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SURFACES (VARIANTS) 

(57) Abstract: 

The preset invention relate, to the field of ecology, 
in particular to the struggle against pollution of the 
environment with oil, petroled products. cyclic and 
aromatic hydrocarbons, other hydrocarbon pollutants he 
method of removing oil, petroleum products and oth r 
hydrocarbon chemica! pollutants from water and/or solid 
sur£ aces comprises preparing a high-reactivity 
mixture (HRCM) . dispersing thereof over a water and or sol d 

surface, and/or into the mass of water polluted with 

. an , „iiecting the HRCM saturated 

hydrocarbon compounds, ana collecting 

with hydrocarbon compounds. 
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h hv chemical treatment of starting 
Th e HRCM 13 prepared by chemx Qccurring flake d 

graphit e-containin g ^sto. <^ J^J*^ 

graph ite or P^-Jf^^ herein H is one o< 
oxyg en compound ^ ^ series: H , NH «, **> 

chemical compounds selected f ^.^ ^ 

x ls one of chemical compounds selected ^ ^ ^ 

Br , Jf and n is an integer - ^ by a 

^ SiVe /lT l— ^ or .epical, or 
Ph0t0 T C cal or sonochemical, or direct chemical external 
thermochemical, or sono filtration of 

k sorting filter raaterial for the 
" T orelared in a similar manner. The technics! 

Uat " 7. I n lent of the effectless of 
result is an pet roleu,« products, as 

• tre a»e„t and collec^on .of ^ ^ 

„ eU as the pro^isio » ~ ^ J ^ ^ ot rarbon 

*° llm ^Zu 7ZZ a Lies, have a hi 9 h absorption 

nanocrystals (care ^cal substances and 

capacity with ^"^Vd , pendent cl ai. S! 2 drawing; 

compounds. 2 independent and 6 aep 

2 tables. . 
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r -lates to the field of ecology, in 
The present ^ agains , pol lution of the 

p3I ticular « the ot ^7 etroleum pI oducts, cyclic ana 
envi.cn.ent with oil, P h ^ polluta nts. 

aromatic hydrocarbons , other ny 

for purifying water 
Known are methods «> ' ^. absotbenc (0 . S . R .,. 

•surfaces with the use of a Pri ^ 

Ih ese are sorption processes with the us 

substance having a low absorbing from che 

A method is Known «o» " " ^ systeItl o£ 

. surface of water, the method ^ inc , ^ by 

forming a j ^ -persing «- 

polyethylene), which Matet and 

sorting material over 3,831296, CI. E 

< r »fter sorption of the oil iu=> 
collecting it after sorp ^ the 

■ . 02, 15/04, 1974, . Disadvantages of this 

leng th of the process of sorbin, oil and ^ 

capability (about , which -~ ^ \J flc ie„t to 

. c . rhpn t on board snip/ 
nave an amount of sorbent u ^ 

purify large ^^J"^' ^ «~ 
intended for removing oil ana p 

SUr£aC6S ' is a method for collecting spilled oil and 
Known » » ~ th conprlses preparing a high- 

petroleum products, "hich * dispersing thereof 

reactivity carbonaceous mixture (HRCM) , P ^ 
ove r a water and/or solid surface, ^ ua 

contaminated ^ * \_Iion with 

•products, and ^ (RU CX 

' 1 0 12 9.) I" this method the HP.CH is prepared 

E 02B 15/04, 1»- 12 - 98 '- treated with an acid, by 

<„. naturally occur n g-Ph ^ ^ on fcoatd 

„ ay of resistive mating. The ^ 
the oil-collecting ship. This metho requir „ the 

b ut it is sufficiently energy-demanding and reg 
Pre— of a complicated plant for HKCM preparation. 



-H-S.P-DI 11:00 Fron-fiORODlSSKY i PARTNERS 
. - •. ' + r OSS 837 6! 04 T - 3 0 8 P . 005/022 ^ 



Also known is a method for the removal of hydrocarbon 
chemical pollutants from water with the use of a filter on 
carbon base (Prof. V.F. Olontsev (Ed.), ''Some Aspects of 
Potable Water Preparation Technology", Perm, ANS RF, 1997, 
pp. 33-38) . Such method is disadvantageous in view of 
insufficient effectiveness of water purification. 

The technical object of the invention is to increase 
the effectiveness of water purification and of the 
collection of oil and petroleum products, as well as to 
provide collection of other hydrocarbon chemical pollutants, 
due to the presence in the mixture composition of carbon 
•nanocrystals (carbon nanotubes) which have a high absorption 
capacity with regard to various chemical substances and 
compounds - 

The set object is accomplished by that in a method of 
collecting hydrocarbon chemical pollutants, which comprises 
preparing a high-reactivity carbonaceous mixture (HRCM) by 
an industrial low^temperature method (cold destruction 
method), dispersing thereof over a water and/or solid 
surface, and/or into the mass of water contaminated with 
hydrocarbon compounds, and collecting the HRCM after the 
sorption of hydrocarbon compounds. The HRCM is prepared by 
chemical treatment of starting graphite-containing feedstock 
with at least one halogen-oxygen compound having the formula 
MXO n , wherein 

M is one of chemical compounds selected from the 
series: H, NH 4 , Na, Ka; X is one of chemical compounds 
selected from the series: CI, Br, J; and n is an integer of 
1 to 4, followed by an explosive decomposition of the 
compounds, initiated by a photochemical or electrochemical, 
or mechanical, or thermochemical, or sonochemical, or direct 
chemical external action. 

Naturally occurring flaked graphite or powdered 
graphite is used as the feedstock. 
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To provide optimal conditions for the HRCM preparation, 
the weight ratio of the graphite-containing feedstock and 
the halogen-oxygen compound is 2:1. 

When collecting spilled oil, petroleum products and 
other hydrocarbon pollutants from the surface of water. The 
HRCM preparation can be carried out on board the oil- 
collecting ship or ashore. 

After the HRCM saturated with hydrocarbon pollutants, 
e.g., with oil, has been collected, the collected oil can be 
removed by wringing out. 

The HRCM is reusable. 

The set: object is also accomplished by that in the 
method of collecting hydrocarbon pollutants, which comprises 
filtering of water contaminated with hydrocarbon compounds 
with the use of a carbon-based filter, as the filter 
material use is made of a high-reactivity carbonaceous 
mixture (HRCM) prepared by chemical treatment of graphite- 
containing feedstock with at least one halogen-oxygen 
compound having the formula MXO n , wherein M is one of 
chemical compounds selected from the series: H, NH 4 , Na, Ka; 
X is one of chemical compounds selected from the series: CI, 
Br, J; and n is an integer of 1 to 4, followed by an 
explosive decomposition of the compounds, initiated by a 
photochemical or electrochemical, or mechanical, or 
■thermochemical, or sonochemical, or direct chemical external 
action. 

Either naturally occurring flaked graphite or powdered 
graphite is used as the graphite-containing feedstock. 

Variants of a device for preparing the HRCM are shown 
in Figures 1 and 2. 

The method of removing oil, petroleum products and 
other hydrocarbon chemical pollutants from water and/or 
solid- surfaces is based on the preparation of a HRCM which 
comprises a carbonaceous mixture having a tremendous 
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reactivity with respect to any hydrocarbon compounds. The 
carbonaceous mixture owes its reactivity to the fact that in 
the course of its preparation from naturally occurring 
flaked graphite or from powdered graphite, or from other 
graphite-containing feedstock, there occurs not only 
stratification of crystallites into separate packets of 
basal planes, as in the known methods of preparing expanded 
graphite, but also breakage of interhexagonal covalent bonds 
takes place. This results in the formation of energy- 
stressed compounds of carbon* Besides, the prepared HRCM is 
a hydrophobic material, i.e., it does not absorb water and 
does not combine wirh water. 

When preparing the HRCM, the chemical treatment of the 
graphite-containing feedstock (naturally occurring flaked 
graphite or powdered graphite) is performed with halogen- 
oxygen compounds of the general formula MXO n , wherein M is 
one of chemical compounds selected from the series: H, NH*, 
Na, Ka; X is one of chemical compounds selected from the 
series: CI, Br, J; and n is an integer of 1 to 4, with the 
formation of initiating complexes capable, as a result of 
photochemical, mechanical, thermochemical, sonochemical or 
direct chemical action, of exothermal explosion-like 
decomposition with subsequent initiation of autocatalytic 
decomposition of the compound. Initiating complexes are 
introduced into the interlayer spaces of graphite, their 
explosion-like decomposition is initiated, and their occurs 
breakage of not only van der Waals bondings, but of covalent 
bonds as well, this leading to the formation of a high- 
reactivity carbonaceous mixture (HRCM) . The process of 
conversion can be effected in any container (vessel, etc.), 
and can proceed without access of oxygen. 

The process of conversion of graphite (breakage of van 
der Waals bondings) proceeds under the effect of micro- 
explosions of explosives introduced into the interlayer 
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spaces of graphite, in the present case referred to as 
.initiating complexes. The explosive is found in the 
interlayer space on the molecular level and is initiated in 
a chemical way to explosion. As a result of the energy 
liberated by micro-explosion/ there take place breakages of 
not only van der Waals bondings but also of atomic bonds 
with the formation not only of free radicals C. C?, C 3 , C 4 , 
C$, but also of radicals in the form of (one or more) 
hexagonals with radicals of the form C. C 2/ C3, C 4 , C$ 
attached to them, which provide in combination high 
reactivity of the prepared carbonaceous mixture. 

The device for the preparation of HRCM is made as a 
tightly sealed casing 1 inside which in the upper portion 
thereof a charging capacity 2 is disposed, which is charged 
with graphite-containing feedstock 3 after corresponding 
chemical treatment thereof. Arranged under the charging 
capacity is a receiving mesh bin 4 into which finished 
product 5 (HRCM) comes. 

After charging the feedstock, an explosion-like process 
is initiated by one of the above-indicated methods- The unit 
initiating said process is not shown in the diagrams of the 
device. As a result of conversion of graphite and the 
.formation of the high-reactivity carbonaceous mixture 
(HRCM) , the volume of the starting substance increases by as 
much as several hundred times, and the finished HRCM, 
ascending, spills over the edge of the charging capacity 2 
and gets into the receiving mesh bin 4, Vapors and gases 
formed inside the device are pumped out through an absorber 
6 by a compressor 7. The absorber of vapors and gases 6 
-comprises a molecular sieve for catching harmful components 
of a gas mixture, for example, hydrochloric acid and 
chlorine vapors, and in the form of already harmless water 
vapors, carbon dioxide gas, etc., is discharged to the 
atmosphere. For the exit of gas from the casing of the 
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^ 3 valve is provided in the 

device, a branch pipe fitted «xth . 

bottom portion of the casing. ^ 
i_ ^K^-r of vapors ana gaseo 

T he absorber ° £ P or ^ w ca sing 1 in 

outside the casing 1 (Figure 

£r ont of the outiet branch pip. ^' "^ , is 

on coition of the proce s the o ^ 
opened, and the finished product 5 (HRCM) 

the receiving mesh bin 4. lor> is comP act. not 

T he. described industnal m boaId the 

o^h ran be disposed airectxy 
. K etal-intensive. and can b J or dltectly C n the 

oil-collecting ship, on a trues 

oround (ashore) . appreciably lower than 

Th e bui* density of ^ JL. one ,ra. of the 

HRCM attaches at least 9 treatlng vas t polluted sea 
. possibility is proved °* ^l ioiding there o £ . The 
sreas per ship's ^'^^ products or 

HRCM strongly retains the collected p ore 

hydr ocarbon pounds, "-^^^^ ships for 

■« - - ssibi \ to ;::jis :r;" oc a rbo-o,pounds. 

collecting petroleu, products or y ^ ^ _ ^ 

when carrying out the m 
discharged directly into the .ass oar 

j^.^lv onto the surtace- ^ c 
polluted surface r d~e y ^ ^ ^ ^ 

small specific gravity, tn at „ ch ed to itself 

on the surface, having absorbed or attached 

r^nnVants, for example , oil. 
hydrocarbon pollutes, arbon pol iutants, e.g., 

The HRCM combined with nya f bv 

, .« be easily collected from water surface by 
with oil, can be easily 

conventional methods. ' MS ilv together with 

m u ucrM can be removed just as easily tog 
The HRCM can w. ground 

a nther hydrocarbon pollutants from 
" , the help of removing machinery or after 

surface, with the he P ^ ^ ^ ^ 

preliminary washing away 



2K ««> 11:01 From-GORODISSKY i PARTNERS 



an open canal or any water reservoir with subsequent 
collection, like from the water surface. 

The thus collected oil or other hydrocarbon pollutants 
remain suitable for their subsequent use directly for the 
purpose; the squeezed HRCM is fit for reuse, this being of 
great importance in natural disasters and ecological 
catastrophes associated with spillage of oil, petroleum 
products and other dangerous hydrocarbon compounds, 
especially when they get into water. 

The invention makes it possible to obtain a high degree 
of purification, e.g., of water- The data on water 
purification with the use of filters made from HRCM are 
presented in Table 1. 

Unlike the known materials used for a similar purpose, 
for instance, unlike expanded graphite, HRCM particle s have 
a size of about tens of micrometers, and form granules 
having an elongated fibrous (bast-like) structure on the 
surface with a diameter of fibers about units and even 
fractions of a nanometer. The basis of the HRCM is 
constituted by nanocrystals of carbon with radicals of the 
C-Ce type attached to them. These structures have a 
disadvantageous energy state and tend to compensate it by 
attaching to themselves various chemical elements and 
compounds. The attached compounds are listed in Table 2, 

The method makes it possible to clean polluted surfaces 
of birds (feathers) and of animals (hair) by strewing and 
rubbing them with dry HRCM, followed by washing with pure 
water- No other cleaning procedures are required. 

The method of purifying polluted surfaces and water in 
accordance with the present invention is ecologically safe: 
the prepared material (HRCM) is pure carbon and presents no 
hazard to living organisms. 
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1. A method for collecting hydrocarbon chemical 
pollutants, which comprises preparing a high-reactivity 
carbonaceous mixture from a graphite-containing feedstock, 
dispersing said mixture over a water and/or solid surface, ' 
and/or into the mass of water polluted with hydrocarbon 
compounds, and collecting said high-reactivity carbonaceous 
mixture saturated with hydrocarbon pollutants, characterized 
in that the preparation of the high-reactivity carbonaceous 
mixture is carried out by way of chemical treatment of the 
graphite-containing feedstock with at least one halogen- 
oxygen compound having the formula 

MXO„, 

wherein M is one of chemical compounds selected from 
the series: H, NH 4 , Na, Ka; 

X is one of chemical compounds selected from the 
series: CI, Br, J; 

n is an integer of 1 to 4, 

followed by an explosive decomposition of the 
compounds, initiated by a photochemical or electrochemical, 
or mechanical, or thermochemical, or sonochemical, or direct 
chemical external action. 

2* A method according to claim 1, characterized in that 
naturally occurring . flaked graphite or powdered graphite is 
used as the graphite-containing feedstock. 

3. A method according to claim 1 or 2, characterized in 
that the weight ratio of the graphite-containing feedstock 
and halogen-oxygen compounds is 2:1. 

4. A method according to any one of claims 1-3, 
characterized in that the preparation of the high-reactivity 
carbonaceous mixture is carried out on board an oil- 
collecting ship or on a truck, or on the ground. 

5. A method according to any one of claims 1-4, 
characterized in that after collecting the high-reactivity 
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, fixture saturated with hydrocarbon pollutants, 
carbonaceous mixture anrs are remove d by wringing 

the collected hydrocarbon pollutants 

out. -, •„ k characterized in that 

6 . h metho d accordin, to =U» *~ 
aftet the removal ox hydrocarbon pollutants 

7 . A method * 0 o£ water poll uted v«h 
■poll»t»t.. copses fxl carbo „. base d filter. 
hyd rocarbon — * " a f ^ _ rial 0 se i. — - 
characterized in that as the £l soared by chemical 
a hlgh -reactivlty carbonaceous -"^^J at least 
treatment o £ a sraphite-conta^n, feedstock 

on e halo^-osysen compound havin, the formula 

MXO n , .,^.^0 csoiected from 

• M i. one of chemical compounds selected 
wherein M is one oi 

the series: H, *H 4 , Na, Ka; _ selec ted from" the 

x is one of chemical compounds selects. 

series: CI, Br, J; 

n is an integer of 1 to 4, 

•vniosive decomposition or 
followed by an explosive electroche mical, 
• -i-4 a *.«d bv a photochemical or eiecv 
compounds, initiated by a P sonochemica l, or direct 

or mechanical, or rhermochemical, or son 

chemical external action ^ chara cterized in that 

8. A method according to claim /, arAr>hite is 

flaked graphite or powdered graphite is 
naturally occurring flakea gr v 
US ed as the graphite-containing feedstock. 
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Table 1 



Nos * 


Components 




being 




determined 




Petroleum 




products 


2 


1 Ether- 




soluble 



8 



9^ 

11 

12 



13 



14 



substances^ 



Suspended 
^ubstances_ 
_Sulfides^ 
Copper 



Ortho* 

p hosphates 



Chromium 

( + 6_)_ 
Fluorides 



Nitrates^ 



Total iron 
Ammonium 
nitrogen 
Organic 
nitrogen 
Total 

phosphorus 



Total 

carbon, 

q/lit-_ 
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Table 2 





Absorption capacity or l g ot 
nrxri/ Jl g ui suDSTiance 


Witric acid 


1 • 50 


Ar At oai t"ri 1 




Gasoline B»70 






J, . 




1 » ^ 




1 . 

X , £D 




1 - 0<\ 

J. .zu 




1 Z 4 u 


U-i. ^lUS LI lei He 




i-^-L^.-iij-^'-u ui ict Jit; 


1 . jj 




1 • A ft 




up to i:oU 




l. jU 




1 . ,?U 








1 » A ft 


r Pii VT^ ATI t" 1 rift 


i • ^ft 




1:40 


Carbon tetrachloride 


1 ; 50 


Xylenes 


1:40 


Light petroleum fractions 


1:30 


Oil dyes 


Up to 1:100 


Machine oil 


Up to 1:50 


Phosphoric acid 


1:70 


Chloroform 


1:30 


Cyclohexagon 


1:35 


Ethylbenzene 


1:35 
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($4) METHOD OF REMOVING CRUDE OIL. PETROLEUM DERIVATIVES, AND OTHER HYDROCARBON 
POLLUTANTS FROM WATER ANDVOR SURFACES. AND/OR SOLID SURFACES 



(57) Abstract ^ 
FIELD: oil pollution removal. SUBSTANCE: 
high-reactive carbon mixture is dispersed 
over water and/or solid surface, and/or 
within water bulk and then 
hydrocarbon-saturated carbon mixture Is 
collected. Carbon mixture Is prepared by 
chemically treating initial 

graphite-containing material (naturally 
occurred graphite or powdered graphite) with 
at least one halogen-containing compound of 
general formula MXO ft , where M Is selected 
from H, NH 4l Na, and K; X is halogen; and 
n=1-4, followed by explosive decomposition 
of compounds initiated by photochemical, 
electrochemical, mechanical, therrnochemlcali 
sonochemicalj or direct chemical action. 
Sorption material for water filter can be 
prepared in the same manner. EFFECT; 



enhanced water cleaning efficiency and 
enabled collection . of other carbon chemical 
pollutants owing to carbon nanocrysfcsls 
present in mixture and having high 
absorption capacity. 8 cl. 2 dwg, 2 tW 
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H3o6peTftHMe OTHOCMTCfl K 06/IQCTM 

sKonofwM. a MMeHHO k 6opb6e c sarp«3MeHVieM 
OKpywawmeR cpeflw He<$)Tbio. 

H<4>TenpoflyKTaMM> Hm khmhcckm mm m 
apoMaTMMecKHMM y meeoAoponaMM , npyrw mm 
yrneeoAopoAHWMM sarp*3Hi*rejmMM. 

HaeecTHbi cnoc©6b4 cwmctkm Bo^HbDC M 
teepAbix noBepxHOCTefi c wcnonwoBaHweM 
a6cop6eHTa M npawMcop6" (COJA). 3ro 
cop6L^noHribie npoueccw c npwMeH©HMew 
Aopororo Beu^CTBa HSBbtcoKott norAOTWTenbHoft 
cnoco6HoCTM. 

MaaecreH cnoco6 chatma HeqVrflHOPi nneu-iKM c 

nOSepXHOCTM BOflbl* BKTllOqaWtilMfi 3SMXHyTyiO 

oiCTSMy o6pa30BaHMH cop6MpyK>maro 
MaTepnana (MacrviH ym*, cB*aaHHb!X 
noxiKiaTViJieHOM), HaxoflfliMerocfl Ha 6opTy eyAHa, 
AHcnaprvtpoeoHMe cop6npy»ouiero waTepMana no 
noBepXHOCTM BOAbi h c6op ©to nocn© cod6m;mm 
H e4>TM (naTaHT US 37831296, »cn. E 02 B 15/04. 
1974 r.). H©AOCTa7KaMM AaHHoro cnoco6a 
flSJiflWTCfl A^ TaflbH0CTb npoqeeea cop6unw 
Hec})TM w ero HHaKaa cop6qwoHHafl cnoco6HOCTb 
(nopflAKa 75%), hto He ncaBonflGT wweTb na 
6opT/ cyAHa AOcrraToMHoe an* ohwctkm 6onbUinx 
BDAHbDC noBepxHOdefi KonnMecTBO cop6eHra. 
KpoMo Tore, cnocoS h© npeflHaaHaneH Anfl 
yASfleHMfl He^JTn m He<t>T©npqAy»croB c 
noeepxHOcTK cyujM, 

HasecreH cnoco6 c6opa pasnwBiueMCfl 
h©<J>tm H He4>TenpoAyKTOB, bioiiom&khumR 
wspoTOB/ieHMe yrnepoAHoR cNtecM BbteoKOM* 
peafo^OHHOM cnocoOHOCTM (/CBP), 
AncneprnpoBaHk»© YCBP no noBepxHOCTM m/mam e 
TOJiLAy boaw, 3arpfl3HeHH0$i paaAMBUieflcfl 
He<}jTbK> wnn He4>TenpoflyKTQMM, m c6op YCBP 
nocne HscbimeHMfl (npMCO©AMHeHMfl) h©4>tm wroi 
Hect3TenpoflyKTOB (riflTeHT RU N 2123086, ktl E 
02 B 15/04, 10.12-9B). B AaHHOM cnocoo© YCBP 
M3roTaB/inBa*oT na npwpoAHor© rpaq^rra, 
o6pa6oTaHHoro Kucno-rotf, nytaw pe3MCTMBHoro 
HerpeBa l/teroroBneHM© yCBP momcct 
npoMSBOAHTbCfl Ha cyAH©-c6opLHMKe Hec^TM, 
flaHHbiR cnocoo" 3HaMMTe/ibriO v 3<t?q?eicrMBH©e> 
OflHaKO OH flB/lHBTCfl AOCTaTOHHO sHeproeMKMM M 
Tpe6yeT H3AMHH* CAOJKHOfl yCTSMOBIW An* 

npoM3BoncT8a yCBP- 

H3B6CTOH TaJOKe CH0OO6 OMMCTKW BOAbl OT 

yr/i6BOAopoAHWX xmmvjm©ckmx 3arpfl3Hvn©fleft c 
ncnortbaoBaHMBM (fcnnbTpa Ha oc hobo ymepoAa 
("HeKOTbpwe acnetow TexHonoruM noaroTOBKM 
rwTbeBofi Bonbf , noA pea, npo$ B.O.O/iomjeBa, 
HepMb. AEH P<P» 1997, c. 33-38). HeAOCTarTKOM 
-raKcro cnoco6a flBHfleTca weAocraTOHHan 

5C}>4>eKTHBHOCTb OMMCTKV1 BOAW. 

TaxHi/weCKoa aaflaHaM wao6peTeHMfl 
BBnqeTCfl noBbiLudHwe ^^jcktmshoctvi ohhctkm 
BOAbi m c5opa He4>TH m HecjaTenpoAyKTOB, a 
taioKe ooecneHeHM© c6opa Apyn^t 
yfJi8BOAOpoAHb!?c xwMHHecKuix 3arpa3HMTeflefl, 3S 
cset npncyTCTByK>u4MX b cocTaBe CNiecu 
HaHOKpucraxmoB yrnepona (ymepoAHbOC 
HaHorpy6oK), o6naAaK>iHMX BbicoKOM 
nornoiMTejibHoR cnoco6HocTbK) no oTHomaHviK) k 
paannMHbiM xmmmmbckwm BemecTBaM h 

COeAMH©HVlflM. 

nocnaBAeHHafl aaflana peiuaeTCfl t©m ( hto b 
cnoco6e c6opa yrneeoAopoAHbix xMMMMecwx 
aarpflaHMTeneft, BKHfonatoineM naroTOBAOHwa 
npoMbiuin©HHbiM nn3KOTeMnepaTypHWM mbtohom 
(motoaom xojioahom A©cTpyi<4Mvi) ymopoAHoR 
cMecM Bbico«oP» peaKOMOHHOM cnoco6Hocryi 
(YCBP), AMcnoprwpoBaHne ee no boakom m/mam 
tb©paow noBepxHOCTM m/ham a tonmy • boaw, 
3arp*3HenHO& yrAeaoAopoAHb»MM 



co©AMHeHM«MM r w c6op YCBP nocne cop6i4MM 
yrneeoAopo/iHbDC coaAWHeHMM. klaroTasneHne 
yCBP npon3BQA«T nyT©M xmmkmcckoh 
o6pa6oTKM vicxoAMor rpa<$>KrcoAep>Kaij^sro 
cwpbfl no KpaMHafi wepe oahuim 
ranoreH-KwcnopoAHbiM coeAMHeHMGM o6v\&* 
(JxapMy/ibi MXOn, HR© 

M - oa^o M3 xMMMMecKHX Bem©cTB p$iaa: H ( 
NHU, Na, K; X - oaho wa xvimumockhx Baii^ecTB 
pflAa: CI, Br, J; a n=1 - 4, c nocneAyrouyiM 
sapbiBHtiM paanoweHMOM coeAnneHMM, 
nMMUMMpoaaHHbiM nyTeM 4>OTOXMMVWeCKOrO, MAM 
3naicTpoxMMMN6CKoro, hum M©xaHWMecKoro, MAM 

7©pMOXMMMM6CK0r0, HAM COHOXUMHMOCKOTO, HAM 
HpflMOrO XVlMM4eCW>rO B03AeMCTBMSI. 

B KasecTB© moxoaHoto rpa4»MTCoAap>»caiAero 
cbipbfl McnoAbsyioT wam npwpoAHbivi MeujySMaTbifl 
rpacf)MT. mam rpa4>MT b bma© nopoiura. 

flns o6ecn©H©HMfl onTMMa^bHoro pemnMa 

M3TOTOBJl©HMfl YCBP BeCOBOe COOTHOLUeHM© 

mcmoahoto rpa4>M7CoA©p>Kai4©ro Cbipbfl M 
raAoreH-KMcnopoAHoro coeAMHeHMfl paBHO 2:1, 
npM c6ope paanwBUiaRcn H8<t>TM, 
H©<j>TenpoAyiaos m APy^ y f as boaooo ahux 

3arpB3HMTeA©M C nOBepXHOCTM BOAbi 

MaroTOBJieHMe YCBP momcho npowaBOAMTb Ha 
cyAHe-cCopiUMK© h©<|jtm mam na 6epery. 

nocAO c6opa HacbimeHHOM 

yrneBOAopOAHbiMM aarpssHMTenHMw, HanpMMQp, 
hoc^two, YCBP co6paHHyK> Hec^Tb mo)kho 
yAanwTb nyreM 0T)KMMa. 

YCBP mo)kho Mcnojib30&aTb noeTopHO. 
nocraBAeHHan saaaMa peiua©Tc« tsiok© tbm, 
mto b cnocoS© c6opa yrnaBOAopOAHWX 
sarpflSHMteAefi, BwiKHawiAeM ^/lbTpai^ww 
BOAbi, 3arp*3HeHHofl yrn©B QAOpoAHbiMM 

COeA^HeHMflMM. C MCnODbSOBaHM© M <t>MAbTpa H3 

ochob^ yrflepofla, b KanecTBO MaTepnana 
cbMAbTpa McnoAbaywrr yrnepoAHy» cMecb 
abicoKOM p©aK4MoHHofl cnoco6HOCTM tyCEF), 
MdroTOBO©HHyto nyTeM xWMMMecWoa o6pa6oncM 
MCXOAHoro rpa<t)MTcoAep>Kamero cbipbfl no 
KpafiHeM M©pe oahmm ranoreH-wicAopoAHWM 
coeAMHaHMeM, MMejomMM <twpwyAy MXOn, ta© 
M - oA^o Mia xmmmmsckmx Beu^eoTB p^Aa: H, 
^ H% K X : • oaho M3 xmmmm^ckmx B©mecTS 
papp; C\, Br, J; a n=1 ' 4, c noc/vsflyioiUMM 
eapbiBHbiM paanoweHMeM coeAMHaHMfi, 

MHMtlMMpOBaHHbIM nyT©M 4>OTOXMMMMeCMOrO k MflM 

sneiapoxMMMHecKoro, v\m MexaHtmecKoro, mhm 

TOpMOXMMMMeCKOTO, MJ1M COHOXMMMHecHOrO 
B03AeMCTBMS ( MAM npflMOTO XMMHHOCKOTO 
B03AaMCTBMH. 

B KSMBCTB© McxoAHoro rp©c(iMTcoA©p»au4©ro 
cbipbfl McnonbsyioT mam npwpoAHbiM MBUjyMMaTbifl 
rpa<t»M7, mam rpa4>MT b BMAe nopoujKa. 

Ha <$)M>. 1 m 2 Mso6pa>KeHbi BapMaHTw 
ycrpoMCTBa a™ nonysennw YCBP. 

CnOC06bl OMMCTKM BOAbi. BOAHblX MAM 

TBepAbix noBepXHOCTan or hb<4>tw, 
He<irr©npoflyKTofi m Apyrwx yrneBOAopoAHbix 
aarps3HMTeiieM ochobbh Ha MsroroeneHMw YCBP. 
npeAGTasnwioineM co6om yrAepoflHyw CMecb, 
o6naAa»my» grpoMHOM peaw^MOHHOPi 
cnoco6HOCTbK> no oTHomeHMK) k n>o6biM 
ymeeoAopoAHbiM coeA^HeHkj^^- PearaAMOHHaa 
cnoco6MocTb yrnepoArioR cm©cm o6ycnoBAeHa 
so tsm, hto npM ee M3roToan©HMM Ma npMpoAHoro 
neuiyviMaToro rpa<^M"ra, mam rpa<J>MTa a bma© 
nopouiKa, mam Apyroro rpaqSMTcoAep>tcai4©ro 

CbipMJ PpOMCatOAMT HO TOAbKO paCCASMBaHMe 

KpMCTannMTDB Ha 0TA©nbHbi© naxeTbt 6a3wCHbDC 
nnocKoctaH, ksk npM msbbcthux cnoco6ax 
MaroTOBAeHMS pacuiMpeHHoro rpa<£uTa, ho m 
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paspbiB MQ5itreKcaro«anbHWX KosaneHTHbix 
cBSttew. 3to npMBoaur k oopaaoeaHMio 
aHepreTVNeexM Hsnp^UKe HHbix eTOMapHbOC 
coeflMHeHMH yrnepcaa. KpoM© toto. nonyMeHHafl 
VCBP flsnaeTCfl rvmpo4>o6HbiM MaTepwanoM. 
t.q. He ennTbiBaeT Bony m He ooeflnHfleTCfl c 

npvt HsroTOBneHvtM YCBP xhmm^cksw 
o5pa6oTKa ucxoAWoro rpa<t>wTcoAep)Kaqoro 
cfaipbfi (npMpoAHoro seUiyfiMaToro rpacjwTa win 
rpat^vrra b bub* nopoiiJKa) npoM3BOA"Tca 
ra/roreH-KMCjiopoAHWMM coeflWHeHMawfri o6mew 
c>opMyjifei MXO n , w M - oaho m xhmmmsckhx 
BemecTB pflfla: H» NHii, Na, K; X - oaho "3 
XMMMnecKMX Beu^GCTB p*Aa: CI, Br, J; a n=1 * 
4, c o6pa50BSHneM nHnm<tMpy»oiAwx KOMn/ieKcoe, 
cnoco6HWX b pesynbTata 4>oTOXMMMHecKoro. 
MexaHMM ecKoro, TepMWiMMMecworo, 
coHoxuMMHacKoro mjih npjiMoro xuMM^ecKoro 

BOSflGflCTBMfl k 3KaoTepMMH©CKOMy 

B3pbisoo6pa3HOMy pa3flcoKeHM>o c nocnaflyioiAWM 

MHWLtMMpOBaHMeM 3BTOK3TT9riMTM46O00rO 

nponocca pacnaaa coepwHeHnfl. MHHUMMpywunwe 
KOMnneiccw eBoaHTCfl b wewcnoeawa 
npocrpsHCTBa rpa4>MTa, MHni4MnpyeTc« wx 
B3pbiBoo6paaKoe paajicweHMe m npoMcxoAMT 
paspbiB He TonbKo BaH-Aep-BaanbcoBfc.DC, ho h 
KOBaneKTMba casaeM, mto npMBOAWT k 
o6pasoBaHH»o yrnepoflHoH cm ecu BbicoKoSi 
peaiajwoHHoH cnoco6HocTH (yCBP). 

nponecc np©o6p©30&aHMfl e^yiAecT&nseTC* 
a jiw6o&* ©mkoctm (cocyae m m), b toni Mucne 
B03MOK6H ti 6ea Aocryna KMCJiopoAa. 

npoi^ecc npeo6pa30BaHMfl rps+MTa (paapbiB 
Ban-A e P-BaanbcoBbix cb«©m) ocyuiecrBnaeTcfl 

nofl BOSA^ACTBMdM MklKpO-BOpblBOB BBOflUMblX B 

MaJKcnoMHbie npocrpaHCTBa rpacfwra 
B3pb©MaTb0c eemecTB, a ashhom cny^ae 

Ha3BaHHfc»OC HHMUMMpytOlAMMM BPM(in©KCaMH- 
BspblBMBTOB BdlAeCTBO HaXOAMTCfl B 

MejKC.no ft hqm npocTpaHCTBe Ha Mofl©Kyn*pHOM 
ypoBH© m XMMMMecKMNi nyreM HHMUMnpyeTCfl A© 
BOpbma. B poaynbiBT© SHeprwCi, 
BbitBo6owaeMbix MMKpo-fiapbiBcK npovicxoAflT 
paspbiBW we To/ibko Ban-Aep- BaantcoBbix 
c&f&evi, ho h MewaToMapHbix cBflaeS* c 
o&paaoBaHnaM He Tonbtco cBo6oflHbix paAviKanoB 
C, C2, Ca, C 4l C5. ho m paAkKa/ioD b bma^ 
reKcanoHanoB (oflHono hjw Hecxonbknx) c 

npWCOQAMHeHHblMH K HUM p^MICa/lSMM BHA^ 

C, C2, C4 m Cg, o6ecn©MMBaK?a\HX b 
coBoKyrwocTM abicoKyw pea^MOHHyw 
cnocoOHocrb nonynaeMOM yrnepoAHoR cMecM. 

yCTpOMCTBO 6binOJ1H©HO B B^A« 

repMeiMHHoro wopnyca 1, eH/rpw KOToporo b 
BepxHefl 4acTM KOpnyca pacnonoKeHa 
3arpy30MHa» SMKOcTb 2. b KOTopyro aarpywaeTcsi 
mcxoaho© rpa<t>M7COA©p>ka u\<& cwpb© '3 nocne 
coOTB©TCTByioiH©fi xm mmmbckom o6pa6oT«M. HOA 
4^ sarpysoMHofi eiciKocTbto past^Qi^aeTCfl npvieMHbiR 
ceT4aTtifi 6yHKep 4, B KOToptifl nociynaeT 
O fOTOBbiii npOAyjcr 5 (VCBP). 

rtocno 3arpysKH mcxoahoto cbipbH pio6biM wa 
BbiuieyfcasaHMbDC cnoco6od MHni^wnpyeTCfl 
q BapbiBoo6pa3Hbw npouecc, BnoK, 

MHMi^HMpywiHufi AaHHbii* npoqecc; Ha cxetviax 
— ^ ycrpoMCTBa He nowaaaH. B p©3ynbTaTo 
npeo6pa30BaHMH rpacpvtTa m o6pa30BSHwfl 
yrnepoAHoii CMecw BbicoKOfi peaKHnoHHofl 
otoco6hoctm (YCBP) o6t=gm mcxoahoTo 
eeu^ecTBa yBenwwMBaeTC* b HecKofibKO cotsh 
pa3 h roToeafl yCBP, noAHMMaflCb, BwcbtnaeTCA 
nepea Kpavt sarpyaoMHofl eMKOCm 2 w nonaAaer 
b npHCMHbiM ceTMaTbiCl 6yHK@p 4. OOpasyjoinMeca 
PnyTpM ycrpoMCTBa napbi m rasbi Mopeo 
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noriioTvirenb 6 otksmm BaioTCfl KOMnpeccopoM 7. 
riornoiMTejib 6 napoB w ra3os npeflCT9BrweT 
co6oft iwioneKynflpHoe chto aha ynaa/iMBaHnw 
BpaAHbtx cocTa0viR»oi4HX raaoBOfi cwecM, 
HanpuMep, napoB cofiflHoft kmcjtotw m xAopa, n b 
5 BMAe ywe 6e3BpeAHbix napoe BOflbi, yweKMCJioro 
rasa 11 op. Bbi6pacbiBa(OTC9 a aTMoccftepy. flnfl 
BbocoAfl raja ws Kopnyca b ero HnwieR Macrvi 
. npeAycwoTpeH naTpy6oic cHa6)KeMHbiM 
KnanaHOM, 

nowoTMTenb 6 napoa rasoa MOKet 6brrb 
pacnono)KeH 8He Kopnyca 1 ($nr. 1) mjw anyTpM 
Kopnyca 1 nepefl BbotoxiHbiM naTpy6KOM (c))Mr.2). 

riocne aaDepuieHMfl npoqecca Hapy^KHbiM 
kopnyc 1 pacKpbl&aeTCfl h roTOBbJH npcviyKT 5 
(yCBP) BbirpyjicaeTcfl na npnaMHoro ceTMaToro 
1$ 6yHKapa 4. 

OnucaHwafl npoMULuneHHaa ycTaHoeio 
KOMnaKTHB, HeMeranjioeMKa m mockst 6bm> 
paaMeuieHa . HenocpeA Cf TB eHMO Ha 
cyflHe-c6opiAHKe He<t>7Vf, na asTOMo6MnbHoM 
uJaccd nun np«MO na aewne (Ha 6epery). 
20 HacbinHafl anoTHOCTb VCBP aHaMMTenbHO hvdk© 
HacbmHOH nnoTHocTM mcxoahoto cbipb«, KpoMe 
Toro, oflMH rpaMM yCBP npncoenHH«eT k cefe 
He MQHee 50 r yrneeoAopoAHbix coeAMHeHwPi. 
TaKMM o6padOM, o6ecneMHBaeTCA B03MD?KH0CTb 
o6pa6o7KH orpoMHWx aarp^oHeHHbOC 
25 noBepXHocrefi Mop* 3a oamh Bbixofl cyAHa, 6ea 
arc AOsarpyaKM. npw 3tom YCBP npoMHO 
yAepJKMBaeT coSpaHHbie He4>TenpoAyiCThJ mjim 
yrnaBOAopoAHbie coenMHeHMfl, ocraBa^cb 

flOCTBTOMHO cyXMM, MTO n03BOA^dT MCnO/1b30BaTb 

fLHfl nx coopa Han6onee AeUJSBbift cyxcrpysHbJH 
tt>noT, 

ripn DfiyLnecTBJieHMvi cnoco6a 8w6pcc YCBP 
mo?k6T npon3BOAMTbCfl HenocpeACTBQHHo B 
Tonuiy boaw npfl aarpsujHeHHOw noBepXHOCTbio 
ham npfl mo Ha noBepxHocTb, a 6nanoAap« 
55 MfinoMy yflenbHowy secy oh nenxo ecruibiBaeT m 
AapNtMTCH na noeepXHocTH, enmae b eeon mhm 
npMcooAMHMB k ce5e ywieBOflopoAHbie 
3arps3HwTanM. HanpMMep we4>Tbv 

YCBP* coeflMH©HHaa e yrneeoflopoAHbiiwiM 
sarpswHMTenflMM, HanpMMep, a Hec^Tbjo, MO?KeT 
40 6bnb nerxo co6paHa c nosepxHocTH bqau 
HaaacTHbiMH cnoco6aMM. 

yCBP Tax >Ke nerxo yAanaeTesi Bwecre c 
HecjsTbio : m flpyrviMH ymeBoAopoflHbftuM 
3arp5WHM-ranflMM h c noeapxHocTvi cyuw c 
ncnorib30BaHn©M yobpoMHOH TOXHUKH nnn nocne 
45 npeaeapnTejibHaro CMbiea boaoh HacbimaHHofl 
yCBP b orpbrrbiM KSHan v\m nio6ofi BOAoewi c 
nocneAy»ou4HM c6odom, icax c noBepXHCCTM 
boaw. 

Co6paHHan npw stom H©4»Tb ham APyrwe 
5Q yrnefiOAOpOAHbie 3arpfl3HMTeriM ocratoTCfl 
npwrcAHbiMVi Ann AanbHefliuero nx npfJMOro 
McnojibaoBaHMfl, a oTscaTafl YCBP - ppa 

3<£4>eKTMBHoro nOBTOpHOFO MCnOJlb30BaHMfl, MTO 

MMeet oonbiiioe aHa«-»© Hvie npw cTMXHMHbix 
6eacrTBH«x n sKonorimecKMX Ka-ra&Tpocfcax, 

$5 CBflSaHHbK e npOflMBOM He^JTVl, 

Hec}3TanpoAyKTOB» APyrvx onacHblX 
yrneaoAopoAHbix coeA^neHUiR, ocoEghho npM wx 
nonaflaHvtn b eoAy. 

H3o6pe7©Hwe no3Bon«eT nonywvtTb BbicoKyw 
cTenaHb oshctkm, Hsnpntviep, boaw. AaHHbie 

60 OHMCTKM BOflbl C MCn0Jlb3OBaHMeM <|)H/lbTpOfi M5 

yCBP npHBOAenw B Ta6nni^e 1. 

B 0TJ1MMM9 OT M3BeCTHbK MaTBpManOB 

aHanofuHHoro HasHaseHM^, HanpHM©p, 
pacujMpeHHoro rpa+MTa, Hacrni^w yCBP HMetoT 
padNiapbi nopPA*^ a^<^tkob mkm h o6paoy)OT 
rpaHy/ibi, MMetou^ne Ha noBepxHOcTH BbtTRHyTyio 
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eonoKHncryio crpyioypy (noflo6nylo Monany) c 

flMSMOTpOM BOTIOKOH HOpRQKa 6flMHM4 M flaMC© 

Aonefi mkm, OcHOBy YCBP cocraBnfliOT 
HOHOKpucrannbi yrnepc/ia c npucoeAWHeHHKMM k 
hum paaMKanaMM BWAa C - C 6 . 3th crpyioypfai 

HMQKiT HOBfalfCflHOe 3Hepr©THM©CKOe COCTOflHM© 
M CTpOMflTCfl KOMneHCMpOBaTb 6W 38 CMfiT 

npucoeflwricHna k ce6e pasnwMHboc xuMMMecxMX 
sneweHTOB w cxieflnHeHUM. npwcwAKHfleMbie 
cod^MHeHMfi npweefldHbi b r&6mup 2- 

Cnoco6 noseonseT oHwu^Tb sarpflSHeHHbie 
noeapxHocTM nnm (napbfl) n mchbothux (luepcTb) 
o6cbtnaHneM m o6TMpaHM9M cyxofl YCBP c 
AanbHeRujevi npo&ibJBKoft smctom boaom, Hmkskw 
Apymx osMCTHTenbHbDc wep npM stom ho 
Tpo6y©TC#i. 

Cnoco6 OSMCTKM aarpflSHDHHbK 

noBspxHOCTefi m soflbi b coctbgtctbhh C naHHbIM 

M3O0p©TeHM©M flBHHeTCfl aKonorHHecKM 

5e3onacHWM; nonyMaeMbifl Ma-repwan (yCBP) 
ABnflSTCfl mmctwm ymeporioM n Ha npeacTaBTweT 
onacKocTM an* acwBbix opraHwsMOB. 

cpopMyna M3o6peTeHM«: 
t Cnoco6 efcopa ymeBoflopoflHbix 
XHmmmsckmx 3arpJ»3HMTenefl, BKrooHaKNAwfi ^ 
nsroTOBneHVid yrnepoflHow cMecw BbicoKoft 
peajc^MOHHofi cnoco6HOCTM M3 hcxoahoto 
rpa<£KTeoflep*smero cbiptn, flMcneprnpoaSHMe 
ee no bohucA mAwm TBepAow noBepxHocrw m/mam 
b Tonu^y BQRy, 3arp«aHeHHofi yrneBOflopoflHbiMM 

COeflUHBHUJIMM. M C60P ym^pOflHOfi CM6CM 

BbicoKofl peaxu^oHHOVi cnoco6HocTyi, 
Hacwu^eHHofi yfAeBOflopOAHbiMii 
3arp^3HMTenflMM ( OTnHMaiou^iMCfl Tewi, hto 
M3roTOBneHne yrnepoAHofl cm ©cm BbicowoS* 
peata^MOHHOfi cnoco6HOCTVi npoMOBOA*T nyTer* 

XHMUMeCKOM 06pa60TKH ' MCXOflHOPO 

rpac^MTcoAepwaiMero cbipbfl no KpaHHe* Mape 

OflHMM raJlOreHKMCJJOpOHHblM COeflMHeHVieM. 

MMeiomMM 4>opMyny 
MXO„. 

rA© M - ogHo n3 xmmvimgckmx eetnecTB pflfla: 
H, NH,, Na. K; 

X - OgHO M3 XV1MM4CCKMX BftLljeCTB pflfla: Cl, 

Br J; 

0=1-4, 

c nocneflyioiMMM B3pwBHbiM pasno>KeHMeM 
a>6flHHeHnfi t MHMi^nnpcBaHHbiM nyroM 
$oTQXHMMMecKoro, mum a/ieiopoxMMM^ecKor©, 
utim MexaHvmecKoro, mjw TepMQXHMMMecKaro, 
unw coHOXMMMsecKoro, mjim npaMoro 
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XMMMMeCKOrO BOSaeMCTBIifl. 

2. Cnoco6 no n.1, oTnuHawu^ficfl tcm, sto b 
KanccTBe hcxoahoto rpa^nTcoflep^i^eno cwpba 
McnonbsyioT L4HH npupoflHbM MeuiyPiMaTtifl 
rpacjWT, unw rpa4>wr b bmas nopoiDKa. 

3. Cnoco6 no n.1 hjim 2, oTiinHawmvificfl tbm, 
mto BecoBoe cocmouieHMe mcxoahopo 
rps<t>HTCpAep?»<aLH©n> ctipbfl m 
ranoreHKucnopoflHwx coeAWHenuft paBHO 2:1. 

4. Cnoco6 no mooowy H3 nn.1 - 3, 

OTJTHMaiOLUMMCW MTO WaroTOBJieHHa 

yrnepoflHofi cm ecu BbicoKofi peaicqMOHHofi 
cnoco6Hocrw npoM3B0A«T Ha cyflHe-cGopiuiJiKe 
HQ<}yTM. nnn na aBTotto6nne, nrw Ha sewne. 

5. Cnoco6 no n»o6oMy na nn.1 - 4, 
oTJiMMatoii^iPicfl t©m/ mto nocrt© c6opa 
yrnepooHofi cMecvi bucoko^ peata^MOHHoii 
cnoco6HOCTH, nacwmeHhofl yrfl © boaopoahumm 
3arpfl3HMTehflMM, c^paHHbie yrneeoAOpOAHbie 
sarpfl3Hi4reriM yAa/unoT nyTewi oPKKMa. 

$, Cnoco6 no n.5. omviMaioiAMMCfl TeM, hto 
nocn© yAaneHwfl yfJWBOAopoAHboc 
3arp*3HMTejieM ymepoAHyto CMacb bwcokom 
peaKi^iOHHoft cnocx>6HOCTM McnonbayioT 

nOBTOpHO. 

7. Cnoco6 c6opa yrri©BOA<>P«>flHbDc 
XMMMHecKioc sarpfWHMTe/ieft, BKnttwaiotuwM 
4>vmbTpaqwio boaw. 3arpfl3HBHHD^ 
yrneBOAopoAHbiMM coeAMH©HwqMM t c 
wcnonbsoBaHneM ^vuibTpa Ha ochobq ynnepoaa, 
omMHaicmMMCfl TeM, mto b KaMecTBe Marepwajia 
4)wnbTpa McnojibayroT yrnepoflHyio cwecb 

BblCOKOH p^aKLJHOHHOpf QnaC06HOCTM, 

MsroTOBJieHHyw n/reM xuMWMecKOkl o6pa6oTKM 
wcxoAHoro rpact>wTcoAep>Kainaro cwptn, no 
KpawHeft M©pe, oahmm ranorewKMcnopoAHbiM 
coeAMHeHweM, nweiotiiviM q>opMy/iy 

rAe M - oaho ms XMMMMecKHX BemecTB p^qa: 
H, NH^ ( Na, K; 

X - oaho us XMMHHecKnx Beujecra pflfla; Cl, 
Br, J; 

n = 1-4, 

c oocneAyx>iAMM BapbiBHbJM paanoweHMQM 
eoeAUHGHMfl, MHHt^MHpoBaHHbfM nyreM 

cjsOTOXMMMMeCKOfO, MJIM 9ne*CrpOXMMMMdCKOTO, 
MJ1W T©pMOXMMHHeCKOnt>, UTIM OOHOXHMMHeCKOPO, 

mam npflMOro xMMMMecKoro bosa^^ctbhji, 

8. Cnoco6 no n.7, oTfl>majoinMRcyi t©m, mto b 
KaMecTBe hcxoahoto rpa(J»rrcoAQp»aiAero cbipwi 
ncnonbayioT mam npwpoAHbM MeiuyPiwaTbiA 
rpacjMT, utim rpatpwT b bha^ nopoiuita. 
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